The aim ofthe present study was to characterize the composition of the organic matrix in alveolar jaw bone and dentine using antibodies against pro-collagens Types I and ifi and collagens Types IV, V. and VI. After demineralization of oral hand tissues in 0.2 N HCI, antigenicity was well preserved and the distribution ofthe pro-collagens and collagens could be demonstrated.
Staining for pro-collagen
Type I was prominent around osteoblasts and in predentine, indicating active de novo synthesis of Type I procollagen.
Pro-collagen Type I was ubiquitous but was less abundant in bone and dentine, whereas pro-collagen Type III was seen only in areas of bone remodeling, in penitubulan spaces, and in pre-dentine.
Type IV collagen was limited to the basement membranes of vessels in osteons and bone marrow. Type
Introduction
Mineralized hard tissues such as bone and dentine contain mainly inorganic materials in the form of hydroxyapatite, octacalcium phosphate, and brushite (Munzenberger and Gebhardt, 1969) .
Approximately one third of hard-tissue dry weight is made up of an organic matrix, of which more than 90% is the fibrillar Type I collagen.
Only 5% of this matrix is composed of bone/dentinespecific non-collagenous glycoproteins such as osteonectine, osteocalcin, and bone sialoprotein, or of glycosaminoglycans (Veiss, 1984) .
The collagens are a family of structurally related extracellular proteins (Bornstein and Sage, 1980; Piez, 1984 et al., 1986; Becker et al., 1986) . Type VI is a minor but ubiquitous collagen of the interstitial connective tissue (Von den Mark et al., 1984; Becker et al., 1986) Rao et al. 1979; Wang et al., 1980; lung et al. 1985) . Among the collagens, Type I has been most intensively studied and has been shown to be an ubiquitous constituent of dentine, cementum, peniodontium, alveolar bone, and bone marrow (Butler et al., 1975; Birkedal-Hansen et al., REICHART 1977; Lesot et al., 1978; Lesot and Ruch, 1979; Thesleff et al., 1979; Cournil et al., 1979; lung et al., 1985) .
Type III collagen, which is deposited in granulation tissue before type I collagen (Clore et al., 1979; Hayakawa et al., 1979; Wilhams et al., 1984; Kurita et al., 1985) , has not been detected in fully mineralized tissue by immunohistochemical (Thesleff et al., 1979; Wang et al., 1980; lung et al., 1985) or biochemical methods (Scott and Veis, 1976; Munksgaard et al., 1978; Gay and Miller, 1978; Dodd and Carmichael, 1979) . Predentine, however, was stained with an antiserum against pro-collagen Type III (Thesleffet al., 1979; Cournil et al., 1979) , and differentiating odontoblasts, in contrast to mature odontoblasts, were reported to accumulate pro-collagen Type III (Thesleff et al., 1979; lung et al., 1985) . 
Isolation and Preparation of Antigens
Collagens Types IV, V. and VI were isolated from pepsin-digested placenta by fractional salt precipitation and column chromatography, as described previously (Schuppan et al., 1985 (Schuppan et al., , 1986 ).
The 7-S-long domain ofType IV collagen was purified from a mixture of Type IV collagen fragments after collagenase digestion and molecular sieve chromatography (Risteli et al., 1980; Schuppan et al., 1986) .
Tissue biopsies were partly decalcified with 0.2 N HCI ( Table 1) . All bars = 20 tm. et al., 1985 , 1986 Becker et al., 1986) . et al., 1985 , 1986 Becker et al., 1986) .
Production of Antisera
Sensitive radioimmunoassays showed that all antibodies were specific for their target antigen and free of any significant crossreaction with other connective tissue proteins (Schuppan et al., 1985 (Schuppan et al., , 1986 Becker et al., 1986 ).
Indirect Immunofluorescence
Three-ram cryostat sections were fixed by immersion in ice-cold acetone for 20 mm. The tissue slices were incubated with primary antibody for 
Results

Pre-treatment of Tissues
Studies on Dentine and Bone
Pro-collagen Type I was homogeneously distributed in the entire intertubular dentine ( Figures  2 and 3) . Longitudinal sections revealed fine fibers around dentinal tubules ( Figure   3 ). On crosssection the tubules were stained only in the periphery ( Figure  4) . . .
. '
, COLLAGENS IN HUMAN ALVEOLAR BONE AND DENTINE There was an abrupt transition between dentine and pre-dentine, in that the latter was prominently labeled by the pro-collagen Type I antibody ( Figure  2 ).
In bone, Type I pro-collagen was diffusely distributed as in the dentine matrix, but in addition, fine fibers were arranged in a prominent trabecular network in lamellar bone ( Figure 9 ). In pre-dentine, nonreactive circular areas were observed, representing zones of early calcification ( Figure  9 ).
Whereas lamellar bone and osteocytes were negative for Type III 
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T: pro-collagen, it was diffusely distributed in woven bone and formed a prominent rim around osteoblasts ( Figure  10 ). Staining was intense in the soft tissues of the dental pulp ( Figure  8 ) and bone marrow ( Figure  10 ). Type IV collagen was absent from the compact bone matrix or dentine, tissues that do not contain base- 8, 9 , and 10). It was almost absent from intertubular dentine but surrounded dentinal tubules as a fibrous component ( Figure  13 ). Thicker fibers extended from the dentinal tubules throughout the strongly positive pre-dentine Figure 8 . Pro-collagen Type III: intensive staining of dental pulp (P) and pre-dentine. Fluorescence is essentially absent in dentine (0). Tooth 28. Original magnification x 437.
Discussion
to merge with Type VI collagen, appearing rather amorphous in the dental pulp ( Figure  13 ). Negative circular calcification nuclei contrasted with the immunoreactive pre-dentine ( Figure  13 where some osteocytes appeared to be encased by a rim of Type VI collagen ( Figure  15 ). In bone marrow, Type VI collagen was prominent as an amorphous component occasionally ensheathing small blood vessels ( Figure  16 ). Figure  9 . Single coarse fibers are seen around dentinal tubules, sometimes extending through the pre-dentine to the pulpal cavity (white arrows).
High magnification of Figure  8: , 1973; Lesot et al., 1978; Cournil et al., 1979; Dodd and Carmichael, 1979; Lesot and Ruch, 1979; Thesleffet al., 1979) . They observed Type I collagen staining ofequal intensity in pre-dentine and dentine, whereas in our study pro-collagen Type I was located mainly in pre-dentine.
It is known that pro-collagen Type I is rapidly processed extracellularly by removal ofits pro-peptides (Goldberg, 1977; Fessler and Fessler, 1979 This biosynthetic activity was also high in "junc- Figure 13 . Collagen Type VI: light staining of intertubular dentine with intensive staining of pre-dentine and focal concentrations around dentinal tubules (arrow). As with pro-collagen Type III in Figure 8 , the mineralization zone is represented by patches of nonreactive tissue. Inset: cross-section of dentinal tubules with marked peritubular reaction.
Tooth 28 gen Type III was not found in fully calcified bone or dentine (Gay and Miller, 1978; Dodd and Carmichael, 1979; Wang et al., 1980; lung et al., 1985) and could not be detected after extraction of bovine predentine (Dodd and Carmichael, 1979) and in odontoblast cultures (Munksgaard et al., 1978 Thus far, Type VI collagen distribution had been studied only in soft tissues (Von den Mark et al., 1984; Becker et al., 1986) ,
where it forms an amorphous and fine filamentous interstitial matrix. In our investigation, intertubular dentine and lamellar bone were only weakly positive. In pre-dentine or dentinal tubules, Type VI collagen fluorescence was strongly increased, appearing amorphous and only occasionally fibrous.
As for pro-collagen Type III, unstained areas of calcification were observed in predentine ( Figure  13 ). In woven bone, the matrix as well as the pericellular area ofosteoblasts was immunoreactive ( Figure  14) . In general, pro-collagen Type III and collagen Type VI were strikingly co-distributed in these tissues. We conclude that Type VI collagen is somehow linked to Type III rather than to Type I collagen, possibly interconnecting individual fibrils or fibril bundles. A feature distinguishing Type VI collagen from Type III pro-collagen was its occurrence around osteocytes and weakly in the matrix of lamellar bone ( Figure  15 ). Distribution of collagens type IV, V, VI and of laminin in the normal oral mucosa.
